Introduction
We have elsewhere reported on some preliminary experiments in which we have studied the diagnostic process as practised by groups of clinicians and students (de Dombal et al., 1969a (de Dombal et al., , 1969b (de Dombal et al., , 1971a (de Dombal et al., , 1971b (de Dombal et al., , 1972a and also collated considerable amounts of clinical information into a relatively formalized "database" which might then be entered into the computing system (de Dombal et al., 1971c; Staniland et al., 1972) .
In this and the following paper (p. 9) we describe a logical development of these earlier studies. The present paper outlines the essential details of the computer-assisted diagnostic system and briefly surveys the operational experience to date. In the following paper we review the results of a real-time prospective trial in which the computer's performance was compared with that of a group of clinicians.
System Description
The primary system shown in Fig. 1 laboratory of the University of Leeds. This is about 800 metres from the university department of surgery, and is accessed via a Westrex ASR 33 teletype terminal located within the department of surgery itself. This system was utilized for the bulk of the diagnoses, and was in operation during the week from 9.30 a.m. until midnight. At other times a "back-up" system was used which employed a small desk-top computer, a Mathtronics 848 Biostatistician.
Both primary and back-up computing systems utilized a variant of Bayes's theorem for analysing the patient data presented by each case entered into the system for diagnosis. The use of Bayesian probability theory in this form is not new; several previous attempts at such usage and a fuller assessment of the place of Bayesian statistical inference in medical diagnosis have been admirably set out by Lusted (1968) . In the present instance the necessary programme to integrate Bayesian probability theory into clinical framework were specially written by two of us (A.P.M. and J.C.H.), as were the programmes for the display of information.
The ELDON 2 system which was used to provide access to the KDF9 computer has been fully described elsewhere (Wells et al., 1971) . It provides a means of storing and interactively amending both programmes and data held as a series of "files" on the KDF9 disc.
A 
COLLECTION OF INFORMATION FROM PATIENT
In advance of any computer-aided diagnosis we were obliged to create specialized forms in which the patient's case history could be to some extent "formalized," for later entry into the computer. An example of such a form is given in Fig. 3 .
Even so, there is no guarantee that the data entered on even the most rigidly structured form will be "correct." We cannot claim to have solved this problem fully; all that one can say is that we undertook "observer variation" studies to investigate the subject which are reported elsewhere (Graham et al., 1971 ; de Dombal et al., 1972b to record data on the forms after they had undergone strict observer variation studies and in this way we have sought to minimize the problems of clinical data collection.
ENTRY OF INFORMATION INTO THE COMPUTER
We allocated to each potential patient attribute a three-digit code number, and some examples of this are shown in Fig. 4 . Instead of entering a full case history in English, it is now possible to inform the computer of the "facts" of a case merely by typing in a series of three-digit numbers, as is shown in Fig. 5 . Incidentally Fig. 5 We decided that at some stage a hard copy should be producedthis was necessary for documentation purposes. Secondly, we decided that this should be in colloquial English, rather than mathematical symbols, since it was likely to be read by busy practising clinicians, and we felt an obligation to present data to them in a readily comprehensible form. Next, we felt that the display system should be adaptable, since our earlier studies (de Dombal et al., 1971a (de Dombal et al., , 1971b Fig. 8 , these do not match, the programme attempts to select from filed information those most likely to resolve this discrepancy, and lists these attributes as suggestions for further checking. Secondly (Fig. 9) The system has enabled apparently "real-time" diagnoses to be made. That is to say, we have in most cases been able to produce a set of probabilities from the computer in under 20 minutes, once data of the type shown in Fig. 3 are available to us. Indeed, on many occasions the time taken from data acquisition to probability printout has been much less, of the order of five minutes.
As regards reliability, this was one of our major potential problems, but in the event there was only one occasion when neither system was operative. (On that occasion data were obtained from the patients and stored for later, blind analysis.) Nevertheless, we would stress the need for careful integration of backup systems if "diagnostic computing" is to take its place in routine clinical practice.
Results
Our main experience (see Table) has been concentrated in the field of the acute abdomen. There is little doubt that the acute abdomen is a most suitable area for study in many ways; and in all some 376 diagnoses have been attempted. These are listed briefly in the Table, but the prospective controlled real-time trial which we have carried out is described in detail elsewhere (de Dombal et al., 1972b) .
We have also attempted to carry out studies in the more difficult field of lower gastrointestinal disorders such as ulcerative colitis and Crohn's disease. Here we encounter additional problems involving the nature of "diagnosis" itself. We have accepted histopathological diagnoses as being "correct," so that in a sense we are trying to predict what the pathologist will say rather than what is wrong with the patient. Nevertheless, it is of more than passing interest that our current prospective unselected series of 82 cases is being "diagnosed" by the computer with an accuracy rate of 88%.
Of considerable interest is the third area, which may loosely be described as dyspepsia, because this area was opened up entirely by three medical students in their spare time. Their experience too will be described in some detail at a later date; for now it might merely be worth remarking (a) that the "formalization" of clinical data necessary to enter such data into the computer is a highly useful experience for students, and (b) that it took less than three weeks, once the data were collated, for one of the students to create the necessary amending files, establish these on the KDF9, and begin to collect operational experience.
Finally, we attempted to create an information file based not on probabilities from known cases, but on profiles-that is to say, estimates of probabilities given to us by clinicians. This is an attractive concept in some senses, for if one enters a "clinician's thoughts" into the computer, then the clinician may well feel that he is exercising a considerable degree of control over the computing process. We originally undertook this task, since we were (needlessly) worried about the clinicians' reaction to the computing system, and since Edwards (1966) seemed to suggest that just such a system, in which probabilities are supplied to the system by means of human judgement, might have some advantages (Lusted, 1968) . This was used to study the 376 cases of acute abdominal pain already mentioned.
Discussion
We originally opted for a simple flexible system, since we had in mind the grave dangers of creating a system which would work in the laboratory but not on the wards. In the event, the system proved perfectly feasible to operate. The diagnostic "turn round time" from collection of data from the patient to provision of probabilities by the computer was of the order of a few minutes only, perfectly acceptable in the clinical situation. The display formats proved easy to read, and sufficiently flexible to accommodate most clinical situations. The reliability of the interlocking systems has been such that on only one occasion were we forced to suspend activities on account of systems failure. Thus the system as envisaged and used is one perfectly feasible for use in a routine clinical environment, though we are acutely aware in saying this of the difficulties which face us in attempting to implement this (admittedly feasible) system as a routine clinical service.
The cost is remarkably difficult to quantify; but once created the system is relatively economical to run. The hardware involved (one teletype linked to the KDF9) costs around £500; the G.P.O. modem link can be hired for about £100-£150 a year, and the cost in central processing time (even had this been charged at full commercial rate) would work out at around £1
per "job." Remembering that up to 10 diagnoses can be performed in the same "job" (see Fig. 6 ) the cost per additional diagnosis can be as low as lOp. None the less, any attempt to cost our own system must take into account not only programming costs, which we are in no position to evaluate on a commercial basis, but also the cost of obtaining vast quantities of reliable and accurate clinical information. This we cannot cost accurately either, but as a guide it took some three manyears to prepare the "database" dealing with acute abdominal pain. Here the problem is much simpler. We have been impressed in earlier studies by the fact that clinicians are relatively reluctant and ineffectual users of any computing system (see de Dombal et al., 1971a) . The answer we have adopted is twofold. Firstly, we have instituted a three-tier system of computer training at undergraduate level, evidenced inter alia by the work referred to earlier. As regards the present we have instituted a computing system in which the knowledge and expertise required from the clinician is precisely nil. The clinician has merely to fill out a provided form, in English, and then subsequently to read a computer pnntout (again in English) as shown in Figs. 7, 8, and 9. The only "computer appreciation" necessary on the part of the clinician is an awareness that the computer is not infallible and that its "diagnosis" is merely an indication of probabilities on the data fed into it. Nothing else is needed, and certainly no programming or mathematical expertise is necessary for the clinician who elects to use the system.
Introduction
We have already described our general operational experience with an adaptable real-time computer-aided diagnostic system and discussed some of the problems inherent in its implementation (Horrocks et al., 1972) . But some important questions remain unanswered in the previous discussion. Chiefly these are two: do clinicians actually need such a system? and can it offer any measurable advantage in terms of diagnostic accuracy and reliability over more conventional methods ? Such questions can be answered only at the bedside, in a routine clinical environment, by undertaking a controlled prospective trial in which the diagnostic performance of the unaided clinician is compared
